Objective.-Glacial sports continue to be a popular form of wilderness activity, but no published studies have commented on this type of sport or focused on the injury patterns of glacial accidents. The objectives of this study were to investigate the types and frequency of injuries associated with a glacial-crevasse or ice-field fall.
Introduction
Ice climbing and ski mountaineering on active glaciers have become increasingly popular in the past decade in the Swiss Alps, with known inherent risks. Crevasses and crests are the greatest danger facing those who climb and ski on active glaciers. As gravity relentlessly pulls the glacier downhill, large cracks develop in areas where the ice is under tension. These crevasses can be hundreds of feet deep and tens of feet wide. Deep winter snow can cover up these crevasses usually by forming snow bridges, which may completely hide them. The inexpe-rienced athlete may step through or ski over a sun-weakened snow bridge and fall into the cavernous depths.
In the golden age of alpinism, most of the accidents in the Swiss Alps ended fatally. In the early 1960s the introduction of helicopters brought a new dimension into mountain rescue, allowing prompt retrieval at high altitudes even with adverse meteorological conditions. An important time-reducing factor for a mountain rescue alert nowadays is that many athletes carry a 2-way radio or mobile telephone with them on the glaciers. Therefore, more severely injured patients, even in sites with difficult access, can be rescued and referred quickly to a designated trauma center.
We know of no reports regarding injury patterns of glacial accidents in the sports and wilderness medicine setting. Therefore, we evaluated the types and frequencies of injuries due to glacial accidents over a 5½-year period in an attempt to better delineate injury patterns and assist in prevention strategies.
Materials and Methods
Only patients who were involved in glacial-crevasse or ice-field falls were included. We defined a glacial-crevasse fall as a plunge into a glacial cleft (between 12 and 90 feet) and a glacial ice-field fall as sliding down the icy surface of the glacier for at least 75 feet. Other athletes with minor traumatic sports injuries that occurred secondary to skiing or snowboarding on a glacier were excluded. All patients were air transported to the emergency unit of a level 1 trauma center serving as a referral center of the Alpine heart of Switzerland. Data were obtained from the trauma registry of our department from January 1, 1997, through August 30, 2003, and additional information was obtained through the radiology record system. Twelve patients were identified from these records. For each patient, the following data were obtained from the trauma registry: age and sex, Glasgow Coma Scale score on admission, 1 time of injury, means of rescue and transportation, mechanism of injury, and type of injury. We classified significant injuries into 6 body areas: head, spine, thorax, abdomen, upper extremity, and lower extremity. We recorded the location and type of trauma.
Results
The majority of patients (n ϭ 11, 92%) arrived directly from the rescue site to our level 1 trauma center. Only 1 patient was initially evaluated in a smaller hospital and then referred to us. Because of the difficult sites of the accidents and also the severity of the injuries, all patients were rescued and transported by helicopter (Rega, Air Zermatt).
The demographic data are presented in Table 1 . The average age of the athletes was 30.2 years old (range 9 to 57 years). Five of the athletes (41.3%) were between 21 and 30 years and 3 (25%) were between 31 and 40 years. Nine of the patients (75%) were male.
Eight of the patients (66.6%) had severe hypothermia from the cold exposure and immersion in ice. Six of 12 patients (50%) fell into a crevasse, with the deepest crevasse at 90 feet (range 12-90 feet). The other 6 patients (50%) slid down a glacial ice field, with the greatest distance at 600 feet (range 75-600 feet). Figure 1 shows that more injuries occurred in the summer months from June to September (75%, n ϭ 9) than in the winter months of November to March. Three of the patients were ice climbing, 4 were mountaineering, and 1 was snowboarding when the glacial accident happened. The type of sport related to the accident of the other 4 patients was unknown.
Of the 12 patients admitted for glacial-crevasse or icefield falls, 11 (91.6%) sustained multiple injuries. Eight patients (66.6%) had Glasgow Coma Scale scores of 8 or less (consistent with severe head injury), 1 patient (8.3%) had a Glasgow Coma Scale score of 9 to 12 (moderate severity), and the remaining 3 patients (25%) had Glasgow Coma Scale scores of 13 to 15 (minor head injury). No deaths occurred in the 12 hospitalized patients. Table 2 shows a complete distribution of the 65 diagnoses. The most common area of injury was the head (44.6%) followed by thorax (20.1%) and lower extremity (18.4%). The leading forms of head injuries were skull or facial fractures (12.3%), concussions (7.7%), cerebral contusions (7.7%), and subdural and epidural hematomas (7.7%). To our knowledge, none of our patients was wearing a helmet. Three patients had spinal fractures (C1, T3, and T5) and 1 had a spinal dislocation (C6/C7). One patient sustained a severe right-sided brachial plexus paresis by hanging with both arms in a narrow crevasse (Figure 2) .
Of the 13 thoracic injuries, 5 were pulmonary contusions, 4 were rib fractures, and 4 were pneumothoracies. Abdominal injuries were less common, with 2 cases of liver contusion and 1 case of posttraumatic paralytic ileus.
Lower extremity injuries (18.4%) were more common than upper extremity injuries (4.5%). The majority of the 12 lower extremity injuries were fractures (75%), and the rest were ligamentous sprains and frostbite. Tibial fractures were the most common lower limb fracture (n ϭ 4), followed by fibular (n ϭ 3) and femur (n ϭ 1) fractures. Only 1 patient sustained cruciate ligament injury of the knee. There was a single incident of a fracture to the humerus and radius. Frostbite injuries to the peripheral soft tissues of toes occurred in 2 patients and of a finger in 1 patient.
Discussion
Our study describes glacial sports injuries in patients who either fell into a glacial crevasse or slid down an ice field. Our study helps clarify the types and frequencies of injuries that can occur in this setting. Although these injuries are uncommon and may occur only in certain parts of the world, it is important to know the injury patterns for a thorough clinical and radiological evaluation in the emergency department as well as for injury prevention.
Most injured glacial athletes were male (75%) and in their late 20s or early 30s, though the age range was broad (9 to 57 years). This illustrates the attraction and appeal of the glacier to different age groups. The demographics of our study population reflect the findings of earlier reports of skiing and snowboarding injuries. [2] [3] [4] [5] Although most snow-sports injuries are winter phenomena, most glacial-crevasse and ice-field falls (n ϭ 9, 75%) occurred in the summer months, when the higher temperature and the sun weaken the snow bridges over the crevasses or glacial cracks. Summer is also the most popular season for glacier trips. The middle of the winter appears to be the safest period for traveling on a glacier because the snow cover is strong and the main parts of the crevasses are closed.
Our findings show that head injury is the most frequent injury in glacial accidents related to glacial-crevasse or ice-field falls. Head injuries have been previously reported as the leading cause of severe snow-sport injury in skiers and snowboarders of all ages. [6] [7] [8] Our review reports a much larger percentage of head and facial injuries (44.6% of total injuries) than reported in a previous study by Skokan et al 6 (20% of total injuries). This may be due to the high speeds attained during the falls, the unforgiving nature of icy objects, the different mechanism of the accident, or the fact that falls on ice are usually longer than on snow and the injuries are therefore more likely to be severe.
A study of ski injuries in Sweden reported that head injury among skiers wearing helmets was 50% lower than for skiers who did not wear helmets, which confirms the effectiveness of helmets in preventing head injuries. 9 Helmets have also been shown to be protective against head injury in other sports, such as bicycling. 10 Therefore, we strongly encourage the use of helmets by athletes when traveling on a glacier.
In our study, lower extremity injuries were by far more common than upper extremity injuries. These differences are not unexpected because the athletes fall feet-first and reduce the speed and absorb the impact of the landing with their lower extremities. Fractures of the ankle involving the tibia and fibula were the most common lower extremity injuries. In our study group, only 1 patient had a cruciate ligament sprain, suggesting less torsional forces around the knee during such falls.
Although fractures are the most common injuries resulting from glacial accidents, the treating physician must be alert to other, more severe, potentially lifethreatening injuries such as thoracic and abdominal injuries, which occurred in 20.1% and 4.6% of our patients, respectively.
One of the neurologic injuries deserves further mention and occurred in our oldest patient (57 years). She fell 36 feet into a crevasse during glacial mountaineering and was stuck in the narrow crevasse with both arms over her head and her whole body weight hanging down for several hours. This extreme hyperextension of the brachial nerves caused a brachial plexus paresis with a partial rupture of the C7 and C8 nerve roots on the right side ( Figure 2 ). The patient was in cardiac arrest with a body core temperature of 20.4ЊC at the time of the rescue, but she was successfully resuscitated.
In total, 8 cases of hypothermia (66.6%) and 3 cases of frostbite of the fingers and toes occurred in our study. Patients were prone to cold-induced injury because of the combination of wearing summer sports clothing and the long rescue times caused by difficult terrain. These patients required close evaluation for cold-induced softtissue injury.
A weakness of our study is its retrospective nature and small patient-group size. Fortunately, these glacial accidents are uncommon. We were also limited because all our information had to be obtained from radiology and trauma center databases, which, at times, may not have contained all relevant information of interest.
Glacial-crevasse or ice-field falls may result in severe, multisystem trauma. Although orthopaedic injuries predominate, injuries to the head, spine, thorax, and abdomen may be very significant and life threatening. Injury prevention strategies for travelers and athletes recreating on glaciers should focus on head injuries (eg, helmet use) and on cold-induced trauma (eg, use of appropriate protective clothing).
